Background : We sought to test whether patients with apical hypertrophic cardiomyopathy (APH) have different clinical features compared to those with typical asymmetric septal hypertrophy (ASH).
INTRODUCTION
Hypertrophic cardiomyopathy (HCMP) is a complex, primary, and inherited cardiac muscle disorder characterized by a wide spectrum of morphological manifestations, natural history, and prognosis [1] [2] [3] . Apical hypertrophic cardiomyopathy (APH) is a relatively rare form of HCMP, which was initially described by Japanese investigators in 1976 as a form of non-obstructive hypertrophy predominantly involving the apex of the left ventricle, associated with giant precordial negative T-waves and a typical ace-of-spades configuration of the left ventriculogram 4, 5) . APH is reported to be relatively common in the Asian population [6] [7] [8] and racial difference in morphological and clinical features of HCMP remains an interesting subject. This study was undertaken to investigate the clinical profiles of HCM in a relatively large Korean population and to test whether patients with APH have different clinical features compared to those with typical asymmetric septal hypertrophy (ASH).
MATERIALS AND METHODS

Patients
Among 32,534 patients who underwent routine echocardiography at Asan Medical Center from January 2000 to December 2001, 305 patients (0.9%) were found to have final diagnoses of HCMP. Medical records, including the echocardiography reports of these 305 patients, were retrospectively reviewed; we included not only newly diagnosed patients, but also those who had already been diagnosed. Two-dimensional echocardiograms were obtained using commercially available machines (HP SONOS 2500 & 5500, Andover, United States). Besides routine measurements of the left atrial and ventricular cavity, left ventricular wall thickness at the end of diastole was obtained. According to the site of maximum wall thickness, we classified HCMP into five types: (1) ASH (interventricular septal thickness ≥15 mm and a ratio of interventricular septum to left ventricular posterior wall ≥1.3); (2) APH (apical wall thickness ≥15 mm and a ratio of apical to left ventricular posterior wall ≥1.3, Figure 1A and 1B); (3) mixed type of ASH and APH; (4) mid-ventricular type (hypertrophy confined to the mid-ventricular level with flow acceleration); and (5) diffuse type (hypertrophy involving the entire left ventricle). The initial electrocardiogram at the diagnosis was analyzed for the presence of left ventricular hypertrophy using the Sokolow-Lyon criteria. It was also analyzed for the presence of T-wave inversion. 'Giant' T-wave negativity was defined as a voltage of a negative T-wave ≥1 mV in any of the leads ( Figure 1C ) 9) . Clinical follow-up and cardiac events Late follow-up was obtained by direct telephone contact with patients or by clinic chart review of all patients. Cardiac death was defined as death of cardiovascular origin, such as myocardial infarction, intractable arrhythmia, congestive heart failure, or stroke. Cardiac events included: 1) new onset atrial fibrillation or flutter; 2) sustained ventricular tachycardia or ventricular fibrillation; 3) hospital admission due to chest pain or congestive heart failure; 4) mitral valve replacement due to severe mitral regurgitation; 5) stroke or transient ischemic attack.
Statistics
Data were expressed as mean±SD for continuous variables, and as frequencies for the categorical variables. Differences between APH and ASH were analyzed by the unpaired Student t-test for continuous variables and by the chi-square test for categorical variables. Cardiovascular event-free survival was calculated and compared using the Kaplan-Meier method and log-rank test. A p-value of <0.05 was considered statistically significant.
RESULTS
Types of hypertrophic cardiomyopathy: ASH vs. APH According to the echocardiographic findings, typical ASH was present in 160 patients (52.5%), APH in 91 patients (29.8%), a mixed type of ASH and APH in 40 patients (13.1%), and mid-ventricular type in 2 patients (0.7%). The other 12 patients showed diffuse type hypertrophy. Comparison of the clinical features between the two major groups (ASH versus APH) is summarized in Table 1 . Mean age at diagnosis (60.8±10 vs. 48.2±14 years, p<0.001) and prevalence of past medical history of hypertension (29/91 vs. 31/160, p=0.022) and stroke (11/91 vs. 2/160, p<0.001) were significantly higher in the APH group than in the ASH group. Family history of HCMP (4.4% vs. 0% p=0.043) and sudden cardiac death (8.8% vs. 1.1% p=0.014) were more prevalent in the ASH group. Chest pain and dyspnea were the two most common symptoms at initial presentation in both groups; however, patients with functional class ≥3 at the presentation were more common in the ASH group (17.1% vs.7.9%, p=0.043).
Although the prevalence of atrial fibrillation was the same at presentation (10.0% vs. 12.2%, p=NS), the frequency of These 251 patients were followed for 32.0±37.2 months. Nonsurgical septal ablation or antiarrhythmic therapy using implantable cardiac defibrillator was exclusively applied in the ASH group and beta-blockers were also more frequently prescribed in the ASH group (63.1% vs. 45.1%, p=0.016). During follow-up, the number of patients with cardiovascular events was higher in the ASH group than in the APH group (25.5% vs. 8.8%, p=0.003, Table 2 ). The five-year event-free survival rate was 72.0±5.6% and 91.3%±3.2% in the ASH and the APH group, respectively (p=0.045) (Figure 2) .
DISCUSSION
In the present study, we have shown that patients with APH comprise a significant proportion of HCMP in Korea and show different clinical features compared to those with ASH; patients with APH had higher mean age, less frequent family history of sudden cardiac death, higher prevalence of hypertension, and better event-free survival rates than those with typical ASH. In the literature, there are many reports showing marked racial differences in the prevalence of APH; APH is considered to be common in Japan with a prevalence of up to 30%, whereas the prevalence of APH outside of Japan is reported to be about 2% of HCMP in a large series of studies [10] [11] [12] . Recently, Kitaoka et al. 13 ) directly compared cohorts of HCMP from Japan (n=100) and those from the United States (n=361); the mean age of patients with HCMP was not significantly different between the groups (51±13 vs. 49±18 years), but the prevalence of APH was significantly higher in the Japanese cohort than in the American cohort (15% vs 3%, p=0.01). The baseline characteristics of Korean patients with HCMP were quite similar to those of Japanese patients (Table 3) ; they showed similar mean ages and similar prevalence of male gender, giant T-wave inversion, and resting left ventricular outflow tract obstruction. Further study is necessary to determine whether the higher prevalence of APH is universal in all Asian countries. To date, with the exception of some reports describing the characteristics of APH as a unique subtype of HCMP 12, [15] [16] [17] [18] , there has been no direct comparison of APH with typical ASH in such a large scale. The mean age and the prevalence of medical history of hypertension were significantly higher in the APH group, whereas family history of HCMP or sudden cardiac death, and dyspnea of the New York Heart Association functional class ≥3 at presentation were more prevalent in the ASH group. The prevalence of giant negative T-waves was one of the marked features of APH (48% vs. 5% p<0.001); localized apical hypertrophy may lead to a recovery process of lengthened duration between the apex and the other areas, resulting in the genesis of a giant T-wave inversion 19) . Three independent factors associated with the giant negative T-wave were thickness of apex (OR 1.33, 95% confidence interval of 1.214-1.463), age at diagnosis (OR 1.04, 95% CI 1.012-10.70), and male sex (OR 2.64, 95% CI 1.237-5.652).
The natural history of HCMP has been described in several large studies; reported annual mortality is 2 to 6% in tertiary care centers 20, 21) or 0.7% in a relatively unselected population base study 14, 22) . In this study, the total annual mortality of patients with HCMP was < 1%. Total cardiovascular events occurred more commonly in patients with ASH than in those with APH, and the cardiac event-free survival rate was better in the APH group. Recently, the long-term outcome of North American patients with APH was investigated and it was concluded that they have a benign prognosis in terms of cardiovascular mortality 23) . Despite important risk factors of coronary artery disease in our patients with APH, such as old age and high prevalence of hypertension, only a few cardiovascular events occurred, emphasizing the benign course of APH. This finding is likely to influence medical fields to focus on counseling and management of patients with APH.
This study is a retrospective analysis of the database of a single, tertiary referral center with relatively short follow-up duration. Thus, the real prevalence of APH should be reassessed in a large population study. However, considering that patients in a tertiary referral center tend to be characterized by severe symptoms or a malignant family history, we believe that our data support a relatively higher prevalence of APH in Korea compared to other countries. Because of the short follow-up duration, we evaluated cardiovascular events rather than cardiac mortality, and demonstrated better cardiac event-free survival rate in patients with APH. Although most of the cardiac events in the APH group occurred within 18 months of diagnosis, longer follow-up is necessary to confirm the relatively benign clinical course of the APH group.
In conclusion, APH comprises 30% of HCMP in Korea, similar to Japan, and patients with APH show higher mean age, less frequent family history of sudden cardiac death, higher prevalence of hypertension, and better event-free survival rate than those patients with typical ASH. Although we have shown better prognoses for patients with APH compared to those with ASH, the incidence of severe clinical events, such as cardiac death or development of heart failure or stroke, was similar between groups. Moreover, we have failed to demonstrate identification of clinical variables, including electrocardiographic changes, which are useful for predicting the prognosis of these patients. A multi-center longitudinal clinical study is necessary to determine the prognostic factors in patients with APH.
